as good standard (Kalantari et al., 2017) . So far, there have been five definitions of severe sepsis that were published during the past 25 years.
The American College of Chest Physicians (ACCP) and Society for Critical Care Medicine (SCCM) released a consensus statement in 1992 that provided the first published definitions for systemic inflammatory response syndrome (SIRS), sepsis, severe sepsis, septic shock, sepsis-induced hypotension, and multiple organ dysfunction syndrome (MODS) ( Figure   1 ) (Kalantari et al., 2017) . Sepsis was diagnosed when at least two metrics or more of the criteria for SIRS. The criteria of SIRS are as following: a) temperature >38°C or <36 °C, b) heart rate >90min, c) respiratory rate >20 /min or PaCO 2 <32 mmHg, and d) white blood cell count >12,000/mm 3 or <4,000/mm 3 or >10% immature bands (Bone et al., 1992) . Severe sepsis was defined as sepsis complicated by organ dysfunction (Singer et al., 2016) . Severe sepsis can progress to septic shock. Septic shock was defined as sepsis-induced hypotension persisting despite adequate fluid resuscitation (Singer et al., 2016) . Even though these definitions of sepsis, severe sepsis, and septic shock were not enough to differentiate between life-threatening sepsis and uncomplicated infection, they have been used for more than two decades (Levy et al., 2003) . Figure 1 . The definition from ACCP/SCCM Consensus statement, from Kalantari et al. (Kalantari et al., 2017) In 2001, Dr. Rivers and colleagues proposed the second definition of severe sepsis in their landmark Early Gold Directed Therapy (EGDT) prospective randomized study as follows: a) two of four systemic inflammatory response syndrome criteria, b) systolic blood pressure < 90 mmHg (after a crystalloid-fluid challenge of 20 to 30 ml per kilogram of body weight over a 30minute period), and c) blood lactate concentration > to 4 mmol/L (Rivers et al., 2001) .
The third definition for severe sepsis was the definition from the International Sepsis Definition Conference led by the Society of Critical Care Medicine (SCCM) from 2001 to 2003 (Faust & Weingart, 2017) . The consensus not only maintained the concepts of sepsis, severe sepsis, and septic shock, as in the report from 1992, but also. provided clinical parameters as a set of criteria for diagnosing sepsis and related conditions (Levy et al., 2003) . The consensus concluded that these arbitrary diagnosing criteria would be judged successful if clinicians regard them as an aid for decision-making at the bedside (Figure 2) . (Levy et al., 2003) . Conference, from Levy et al. (Levy et al., 2003a) In October 2002, intensive care professionals from around the world initiated the Barcelona Declaration to reduce the mortality of sepsis with the initiation of the Surviving Sepsis Campaign (SCC). The SSC was leading by the European Society of Intensive Care Medicine (ESICM), SCCM, and the International Sepsis Forum. The SCC provided the fourth definition of severe sepsis and initiated the sepsis bundles guidelines for sepsis management as a world-wide standardized protocol (Figures 3 and 4) (Dellinger et al., 2013) . In 2004, the first guideline for management of severe sepsis and septic shock was published, with revisions in 2008, 2012, 2016, and 2018 . The SCC guideline was a source for the qualifiers of end-organ damage that was later adopted by NQF #0500 and the SEP-1 measure (Faust & Weingart, 2017) . (Dellinger et al., 2013) Definition of Sepsis adapted from Dellinger et al. Infection, documented or suspected, and some of the following:
General variables Fever (>38.3°C) Hypothermia (core temperature <36°C) Heart rate > 90/min or > 2 SD above the normal value for age Tachypnea Altered mental status Significant edema or positive fluid balance (>20 mL/kg over 24 h) Hyperglycemia (plasma glucose >140 mg/dL or 7.7. mol/L) in the absence of diabetes Inflammatory variables Leukocytosis (WBC count >12,000 /μL) Leukopenia (WBC count <4,000 /μL) Normal WBC count with > 10% immature forms Plasma C-reactive protein > 2 SD above the normal value Plasma procalcitonin > 2 SD above the normal value Hemodynamic variables Arterial hypotension (SBP <90 mmHg, MAP <70 mmHg, or an SBP decrease >40 mmHg in adults or less than 2 SD below normal for age) Oxygen dysfunction variables Arterial hypoxemia (PaO2/FiO2 <300) Acute oliguria (urine output <0.5 ml/kg/h for at least 2 h despite adequate fluid resuscitation) Creatinine increase >0. In 2014, ESICM and SCCM convened a task force of 19 critical care, infectious disease, surgical, and pulmonary specialists to reexamine the current and up-to-date definition of sepsis.
The task force recognized that sepsis was a syndrome without, at present, a validated criterion standard diagnosis test (Singer et al., 2016) . In 2016, the task force released the fifth consensus definition of sepsis, Sepsis-3, defining sepsis as life-threatening organ dysfunction caused by a dysregulated host response to infection (Singer et al., 2016) . The new definition emphasizes the primary host response to infection, the potential lethality, and the need for urgent recognition (Singer et al., 2016) .
The deterioration of sepsis eventually leads to organ dysfunction and failure. Many scoring systems have been initiated to quantify the severity of organ dysfunction by using clinical findings, laboratory data, or therapeutic interventions. One of the most recognizable criteria to quantify the dysfunctionality of organs is the Sequential Organ Failure Assessment (SOFA) that has been used widely in critical care settings but not in other specialties ( Figure 5 ).
The task force recommended using change in the baseline of the total SOFA score of 2 points or more to represent organ dysfunction (Singer et al., 2016) . The task force eliminated the severe sepsis category and defined septic shock as a subset of sepsis in which underlying circulatory ad cellular metabolism abnormalities were profound enough to substantially increase mortality (Singer et al., 2016) . The septic shock was identified when a patient with sepsis developed persisting hypotension requiring vasopressor to maintain MAP > 65 mmHg, and having serum lactate level > 2 mmol/L (18mg/dl) despite adequate volume resuscitation (Singer et al., 2016) .
The SOFA score required laboratory testing and thus may not promptly capture dysfunction in individual organ system (Singer et al., 2016) . The task force recommended the quick Sequential Organ Failure Assessment (qSOFA) criteria that do not require laboratory tests and can be assessed quickly and repeatedly (Singer et al., 2016) . The change in the baseline of the total SOFA score of 2 points or more to represent organ dysfunction (Singer et al., 2016) . Vincent et al. (Singer et al., 2016; Vincent et al., 1996) The qSOFA score can promptly detect deteriorating patients and lead a physician to further investigate and monitor for organ dysfunction, to initiate or escalate therapy as appropriate, and to consider referral to critical care or increase the frequency of monitoring, if such actions have not already been undertaken (Singer et al., 2016) . The qSOFA criteria are a) respiratory rate > 22/min, b) altered mental status, and c) systolic blood pressure < 100 mmHg ( Figure 6 ) (Singer et al., 2016) .
Sepsis is a life-threatening condition that merits prompt detection and intervention. The failure to meet two or more qSOFA or SOFA criteria should not lead to a deferral of investigation or treatment of infection or to a delay in any aspect of care deemed necessary by the practitioners (Singer et al., 2016) . The development of the definition and criteria of sepsis and sepsis-related conditions has been an integral part of the development of tools to detect, categorize, screen, alert, capture, and facilitate the management of sepsis. The early detection of sepsis will lead to early intervention for this fatal condition.
Early Goal-Directed Treatment of Severe Sepsis/Septic Shock
In the early 1990, the Early Goal-Directed Therapy (EGDT) Collaborative Group challenged the paradigm of sepsis care as an "ICU disease" by applying similar urgent diagnosis and therapeutic principles as used for myocardial infarction, stroke, and trauma at the point of presentation in the emergency department (H. B. Nguyen et al., 2016) . EGDT comprised of early identification of high-risk patients, appropriate cultures, source control, administration of (Rusconi et al., 2015) . The clinical benefit of EGDT prompted the SSC to develop sepsis care bundles based on the initial resuscitation of EGDT, and published in 2004 ( Figure 7 ) (Allison & Schenkel, 2018) . The SSC sepsis management resuscitation bundle was adopted internationally as the standard of care for early sepsis management (H. B. Nguyen et al., 2016) .
In 2008, the National Quality Forum (NQF) proposed sepsis bundle NQF #0500 based on the EGDT.
The initiatives that focused on early recognition and treatment included legislation passed in 2014 in New York requiring hospitals to report a variety of sepsis process measures to the New York State Department of Health (NYSDOH), and the CMS (Novosad et al., 2016) .
NYSDOH required all hospitals to submit and follow evidence-informed protocols (including elements of 3-hour and 6-hour sepsis bundles: lactate measurement, early blood cultures and antibiotic administration, fluids, and vasopressor) for early identification and treatment of severe sepsis and septic shock (Levy, Gesten, et al., 2018) . Levy and colleagues reported the results of the first two years of the program that the compliance with elements of the 3-hour and 6-hour sepsis bundles increased significantly over time while the risk-adjusted mortality significantly decreased from 28.8% to 24.4% (p < 0.001) (Levy, Gesten, et al., 2018) . Levy concluded that the risk-adjusted sepsis mortality decreased during the initiative was associated with increased hospital-level compliance (Levy, Gesten, et al., 2018) . Furthermore, NYDOH data also showed that the increased risk-adjusted in-hospital mortality was associated with a longer time to complete the 3-hour bundle and longer time to administration of antibiotics (Seymour et al., 2017) .
Several randomized control trials did not confirm the survival benefit of EDGT when compared with the standard of care. Between 2014 and 2015, three landmark separate randomized controlled trials were published; a) Protocol-Based Care for Early Septic Shock (ProCESS) (Yealy et al., 2014) , b) Protocolized Management in Sepsis (ProMISe) (Mouncey et al., 2015) , and c) Australian Resuscitation in Sepsis Evaluation (ARISE) (Rowan et al., 2017) .
All three trials reported that there was no statistical difference in morbidity and mortality between EGDT bundles and the standard of care for patients with sepsis (Esposito et al., 2018) .
Systematic review and meta-analysis reported concurred with the results of the three landmark trials that in-hospital mortality did not differ between EGDT and usual care (Rusconi et al., 2015) . technology. The first SSC guideline that published in 2004 based on the aggressive initial resuscitation of EGDT that had recommendations for interventions to be completed in the first 3and 6 hours. Every aspect of the guidelines has been debated, studied, challenged, and revised to find the best of the standard practices. The subsequent revision of the Surviving Sepsis guidelines moved from a protocolized quantitative resuscitation strategy to a more patientcentered resuscitation approach guided by hemodynamic assessment and ongoing reevaluation of the response to treatment (De Backer & Dorman, 2017) . The mainstays of the treatment remained to be infection source control and early antibiotic therapy. The latest SSC guideline that was published in 2018 emphasized that sepsis was a medical emergency that necessitates an urgent assessment and treatment. The most significant change in the revision of the SSC bundles was the 3-hour, and 6-hour bundles had been combined into a single "hour-1 bundle" with the explicit intention of beginning resuscitation and management immediately ( Figure 8 ) (Levy, Evans, & Rhodes, 2018) . SSC concluded that the update guidelines should be introduced to the emergency department, floor, and ICU staff as the next iteration of ever-improving tools in the care of patients with sepsis and septic shock as we all work to lessen the global burden of sepsis (Levy, Evans, et al., 2018) . 
Early Management Bundle for Severe Sepsis/Septic Shock (SEP-1)
In October 2015, the Centers for Medicare and Medicaid Services (CMS) enacted a National Quality Measure (NQF #0500) for reporting on sepsis called the Early Management
Bundle for Severe Sepsis/Septic Shock (SEP-1) ( Figure 9 ) (Faust & Weingart, 2017) . SEP-1 was created to standardize sepsis care in the United States to improve the outcomes of sepsis (Allison & Schenkel, 2018) . Sep-1 is the nation's first, and by law only, national quality measure on early management of sepsis (Faust & Weingart, 2017 (Faust & Weingart, 2017) . The metric of interest to CMS for SEP-1 was adherence to the measure, not mortality or other patient-centered outcome (Faust & Weingart, 2017) . Because it was a priori assumption that adherence to the quality measure improved mortality (Faust & Weingart, 2017) . Many data elements of the SEP-1 were updated, made optional on the following updated version in 2018. Figure 9 . The criteria of SEP-1, adapted from Faust & Weingart (Faust & Weingart, 2017) . 
Data and Time Elements of the SEP-1 Measure

Numerator
The SEP-1 has created a lot of debates since the launch in 2015. The first controversy of SEP-1 was the definition of sepsis. CMS's definition of sepsis derived from the SCC and NQF, but CMS definitions independently lowered the threshold of widely accepted studies for lactate levels (Kalantari et al., 2017) . According to CMS, lactate > 2 mmol/L represented a patient with severe sepsis, and initial lactate > 4 mmol/L defined a patient with septic shock, in which the change came without supporting evidence (Kalantari et al., 2017) . A primary concern regarding the definition of severe sepsis in SEP-1 was the potential for excessive use of broad-spectrum antibiotics, which was the crux of complaint from the Infectious Diseases Society of America (IDSA) (Faust & Weingart, 2017) . IDSA believed that the SEP-1 represented a significant threat to antibiotic stewardship by not only it would lead to antibiotics shortage and increased drugresistant organisms, but also exacerbated C. Difficile infection (Faust & Weingart, 2017) .
Furthermore, Esposito reported that the SEP-1 measure associated with a significant increase in the utilization of resources as well as the cost for both patients and hospitals without improvement in mortality (Esposito et al., 2018) .
The second controversy of SEP-1 was the hemodynamic intervention protocol. SEP-1 did not reflect the best evidence in the management of early severe sepsis and septic shock (Faust & Weingart, 2017) . The lack of survival benefits when using the SEP-1 measure also reported in several studies (Esposito et al., 2018; Pepper, Natanson, & Eichacker, 2018) . A systematic review by Pepper et al. evaluated hemodynamic intervention of SEP-1 and showed only lowlevel evidence supporting survival benefit with serial lactate measurement or a 30 mL/kg fluid infusion (Pepper et al., 2018) . The concern about fluid resuscitation was that it should be cautiously introduced to each patient with careful assessment to prevent fluid overload which can be fatal.
The third controversy of the SEP-1 measure was the complexity and burdensome of reporting. The initial SEP-1 measure was a 51-page specification manual accompanied by a 393page guide, which required documentation of adherence to 141 specific actions or variables represented by 20 separate flowcharts with multiple decision points (Faust & Weingart, 2017) .
The SEP-1 was one of CMS's most complex performance measures that required documentation of tasks for one patient and could take as long as three hours (Pepper et al., 2018) .
Given the lack of convincing evidence that patients benefited from adherence to the SEP-1 bundle, low compliance among respondent hospitals should not be surprising (Allison & Schenkel, 2018) . Venkatesh and colleagues reported that only 54% of patients presenting with severe sepsis or septic shock were treated in full compliance with the SEP-1 bundle in hospitals with a self-reported interest in sepsis care (Venkatesh et al., 2018) . Barbash et al. (2017) reported that among hospitals reporting SEP-1 performance data, overall bundle compliance was low, but it varied widely across hospitals (mean and SD 48.9% + 19.4%) (Barbash, Rak, Kuza, & Kahn, 2017) .
The study by Rhee et al. showed that the crude mortality rates were higher in sepsis cases that failed SEP-1 when comparing that with passed SEP-1, but there was no difference after adjusting for clinical characteristics and severity of illness (Rhee et al., 2018 ). Rhee's study also showed that delays of greater than 3 hours until antibiotics were significantly associated with death but only accounted for a small fraction of SEP-1 failures (Rhee et al., 2018) .
Rapid identification of sepsis, early intervention of hemodynamic support with fluids, prompt administration of appropriate antimicrobial therapy and monitoring of clinical and hemodynamic parameters are crucial elements to be considered in the treatment of patients with severe sepsis or septic shock, especially in patients with a high baseline risk of mortality (Rusconi et al., 2015) . Until further evidence exists, it is still reasonable to consider EGDT (Rusconi et al., 2015) . So far, there were several controversies about the SEP-1 and the compliance was low in general. If we could increase compliance with the measure, we might see an improvement in the outcomes of treatment.
Chapter 2 organized clinical knowledge and patient information to improve healthcare and healthcare delivery (Campbell, 2013) . CDS is an essential tool to review and assess the data from a variety of sources, trigger the notification to raise awareness, and guide intervention. The framework for configuring and deploying effective CDS implementation is the Five Rights approach; a) the right information, b) to the right person, c) in the right intervention format, d) through the right channel, and e) at the right time workflow (Campbell, 2013 ). An ideal sepsis CDS is available in Nguyen et al., 2014; Rolnick et al., 2016) . Automated screening tools have the potential to decrease diagnostic delays and increase screening accuracy (Bhattacharjee, Edelson, & Churpek, 2017) . The most frequent acute care e-alerts were designed for early identification of systemic inflammatory response syndrome, sepsis, severe sepsis, or septic shock as a combined group (Benthin, Pannu, Khan, & Gong, 2016) . Clinical trials on the effectiveness of e-alerts have been shown mixed results, with high sensitivity and poor specificity, and this may be a reason for decreases efficacy (Benthin et al., 2016) . CDS alerts with high sensitivity, but low specificity can cause alert fatigue after too many notifications, and the alert can be overridden by the providers.
The accuracy of the automated sepsis screening varied from sensitivity 17.1% to 98.9%, specificity 18.1% to 96.7% (Makam, Nguyen, & Auerbach, 2015) . The systematic review reported that automated electronic sepsis alert systems had poor positive predictive value (20.5%-53.8%) and did not improve mortality nor length of stay (Makam et al., 2015) .
Several studies tried to improve the accuracy of the sepsis screening tool by incorporating additional clinical data and using an application of machine learning and artificial intelligence (Nemati et al., 2018) . Giannini and colleagues reported that the machine learning algorithm could predict the impending occurrence of severe sepsis and septic shock with low sensitivity but high specificity (Giannini et al., 2019) .
The sepsis screening is only a part of a complex clinical pathway of sepsis management that requires the coordination of multidisciplinary teams. Some studies evaluated not only the accuracy of sepsis screening tools but also the process of sepsis care by incorporating recommended standard sepsis management. Manaktala and colleagues studied before and after implementation of sepsis improvement program in inpatient units, which consisted of a combination of a) sepsis education, b) process improvement through change management, and c) an electronic CDS system (Manaktala & Claypool, 2017) . The electronic CDS system conducted real-time surveillance of EMR data and delivered both alerts to the nursing staff's mobile devices at the point of care and SSC sepsis management recommendation (Manaktala & Claypool, 2017 ). Manaktala's study concluded that the sepsis improvement program significantly decreased mortality (Manaktala & Claypool, 2017) .
A randomized trial by Semler evaluated the benefit of electronic sepsis assessment and management tools in ICU (Semler et al., 2015) . The integrated sepsis assessment and management tool contained laboratory results and normal range, vital signs, assessment tab with criteria of severity of sepsis, and management tab with recommended SSC guidelines and "single click" order entry (Semler et al., 2015) . The patients were randomized between the sepsis assessment and management tool and usual care. Semler's study did not find significant differences in time to completion of SSC 6-hr resuscitation bundle elements, time to complete each element individually, ICU mortality, ICU free days, ventilator-free days, or vasopressorfree days. Furthermore, the study reported that the utilization of the tool was low (28.4%) (Semler et al., 2015) .
Clinical decision support (CDS) can significantly impact improvements in quality, safety, efficiency, and effectiveness of health care (HealthIT.org, n.d.). Many organizations are facing significant challenges when it comes to creating a CDS tool that is intuitive, user-friendly, and effective protocols for alarms, alerts, and decision-making pathways (Bresnick, J. 2017) . Alert fatigue and clinical burnout are common byproducts of poorly implemented CDS features that overwhelm users with unimportant information or frustrating workflow freezes that require an extra click to circumvent (Bresnick, J. 2017) .
In 2011, Ochsner Health System launched electronic medical records at all its medical centers and health clinics. Since then Ochsner has been actively engaged the CDS applications in many clinical settings. Order sets for many clinical settings were created and integrated in the EMR. We believed that the order set would streamline the treatment process, reduce error, and helpe the providers to adhere to the treatment protocols. Ochsner Medical Center has reported the CMS SEP-1 measure since the launch in 2015. The treatment guideline for CMS measure has been incorporated in the EMR in the form of the sepsis order set. The sepsis order set contains a package of antibiotic recommendations, laboratory orders, and other recommended treatment guidelines based on standard of care by SEP-1 measure. Providers can find the sepsis order set in the list of order sets in the EMR. However, the medical center experienced low usage of the sepsis order set as well as low compliance of SEP-1 measure which below Louisiana average and National average. Ochsner aimed to improve the quality of patient care, increase performance metrics, and standardize the treatment by promoting adherence to CMS SEP-1. In January 2018,
Ochsner's informatic team launched the sepsis screening tool to raise awareness of the providers and encourage the use of sepsis order set. The purposes of this study were to determine whether the sepsis screening tool increases the usage of sepsis order set. We believed that the usage of sepsis order set would increase the compliance of the SEP-1 measure and eventually, improve the treatment outcomes. The primary outcomes were a) time zero to antibiotics, b) inpatient length of stay, and c) survival at discharge.
Chapter 3 Materials and Methods
Study design and population
This retrospective cohort study conducted at the main facility of a tertiary academic hospital (Ochsner Medical Center, New Orleans, LA). Data were extracted electronically from This study collected patients' data during 6 months before and 6 months after the launch of the sepsis screening tool, which would be called the preintervention and postintervention group respectively. The compliance with each element of SEP-1 measure at 3-hour and 6-hour was collected based on the eligibility of patient's conditions that met the criteria for the intervention. The perfect care was achieved when a patient received all required elements according to the protocol at 3-hour (3H perfect care) and 6-hour (6H perfect care). The total perfect care was the group of patients who completed the required bundle elements at the indicated time frame at both 3-and 6-hour. Total perfect care represented the compliance to SEP-1 measure and was used for reporting to CMS Hospital Compare. The primary outcomes were a) the duration from the arrival at the emergency department to the time that the antibiotic was given to a patient (time zero to antibiotic), b) inpatient length of stay, and c) survival rate at discharge. Figure 10 . The sepsis screening tool
Sepsis Screen
Is the patient's history or complaint suggestive of a possible infection?
Respiratory, UTI, skin/soft tissue, meningitis, wound, bone/joint, implantable device, etc.
Is the patient currently on or have they been on antibiotics in the last 7 days?
Are there at least 2 of the following signs and symptoms present? 
Consider Sepsis?
If the a ns wer i s "Yes " to a t l ea s t 2 out of the 3, cons i der s eps i s a nd i nform the Provi der a nd/or Cha rge Nurs e
The "Yes" answer also alerts the Provider with a banner.
Yes No
Yes Yes
No No
We compared preintervention and postintervention group to determine whether the sepsis screening tool increase the usage of sepsis order set, increase compliance of the SEP-1 measure, and to assess the association between the launch of sepsis screening tool and the primary outcomes. We believed that when the order set was used, the treatment guidelines would be followed correctly and completely. We regrouped the whole population of 632 to be the group that used sepsis order set and did not use the sepsis order set. Then we assess the association between using sepsis order set and total perfect care, and the association between sepsis order set and the primary outcomes. We believed that the adherence to the quality measure improved outcomes of the treatment. We regrouped the whole population of 632 into the group that achieved total perfect care and did not achieve total perfect. Then we assessed the association between total perfect care and the primary outcomes.
This study was approved by the University of Tennessee Institutional Review Board as meeting criteria for exempt status for nonhuman subjects research status; 18-05810-NHRS.
Statistical analysis
We used the Chi-square statistic to assess the association between the categorical variables for the launch of the sepsis screening tool and the order set use, the launch of the sepsis screening tool, and total perfect care, and the order set usage and total perfect care. Independent t-test was used to assess the association between time zero to antibiotic and a) the launch of sepsis screening tool, b) order set use, and c) total perfect care. We used the negative binomial regression statistic to assess the association between the inpatient length of stay and a) the launch of sepsis screening tool, b) order set use, and c) total perfect care. Logistic regression statistic was used to assess the association between the survival at discharge and a) the launch of sepsis screening tool, b) order set use, and c) total perfect care. All analyses were performed using SEPSIS SCREENING TOOL AND SEPSIS ORDER SET 29 SPSS version 26 (IBM Corp., Armonk, NY). The p-value of less than 0.05 was considered to be statistically significant.
Chapter 4 Research Results
The final population for analysis was 632, in which there were 260 patients during the six months before the launch of the sepsis screening and 372 patients during the six months after the launch. The study cohort is shown in figure 11 . The collected data before and after the launch of the sepsis screening tool is shown in figure 12 . Figure 11 . The study cohort. Our results showed that the usage of the sepsis order set increased significantly in the postintervention group (p = 0.001). We found that the postintervention group was 1.8 times more likely to use the order set than the preintervention group. The average time zero to antibiotic in postintervention group was 17.7 minutes lower than the preintervention group (Figure 12) . However, the difference in time zero to antibiotic did not reach statistical significance.
Furthermore, there was no significant difference in length of stay, survival, and total perfect care between the preintervention and postintervention groups.
We regrouped the whole population into the group that used sepsis order set (yes) and the group that did not use sepsis order set (no) and studied the association between using the sepsis order set and the primary outcomes ( Figure 13 ). The average time zero to antibiotic in the order set use group was 54 minutes shorter than the group that did not use the order set, which was statistically significant with p-value = 0.001. The average length of stay in the group that used the order set was 1.8 days shorter than the group that did not use the order set. The difference in length of stay showed statistically significant with the p-value of 0.002. There was a nonsignificant trend towards improvement of survival in the group that used the order set.
We used the Chi-square statistic to determine the association between the order set use and total perfect care as shown in the 2x2 table (Figure 14) . We found that the number of total Figure 13 . The association between the usage of sepsis order set and the primary outcomes Figure 14 . the association between the usage of sepsis order set and primary outcomes Figure 15 The association between sepsis order set use and primary outcomes perfect care increased significantly in the group that the order set was used with the p-value <0.001. Those who used the order set were 2.9 times more likely to achieve total perfect care than the group that did not use the order set.
We used the whole studied group of 632 patients and grouped into the group that achieved total perfect care (yes) and the group that did not achieve total perfect care (no). We assessed the association between the total perfect care and the primary outcomes ( Figure 15 ).
The group that achieved total perfect care had 102.4 minutes shorter average time zero to antibiotic (p < 0.001), 1.5 days shorter average length of stay (p = 0.004), and better survival at discharge (p < 0.001, 95% CI 0.02 -0.206, OR 0.064) than the group that did not achieve total perfect care. 
Chapter 5 Discussion and analysis
Our findings confirmed that the sepsis screening tool increased the usage of the order set, raised an awareness of the emergency department personnel and improved the adherence to the treatment guidelines by showing that the usage of sepsis order set significantly increased in the postintervention group (p = 0.001). The postintervention group was 1.8 times more likely to use the sepsis order set than the preintervention group, despite no direct link within the sepsis screening tool. Even though the sepsis screening tool did not improve primary outcomes, the postintervention group received antibiotics 17.7 minutes earlier than the preintervention group.
There was no significant difference in time to antibiotic, length of stay, survival at discharge, and total perfect care when comparing before and after the launch of the sepsis screening tool. This study had some limitations that might impact the results. We did not adjust for clinical characteristics and severity of illness. Furthermore, the studied population might not large enough to detect the difference in the primary outcomes.
Our study found the improvement in outcome of treatment with the usage of sepsis order set. The utilization of sepsis order set streamlined and standardized the sepsis management which resulted in shorter time to antibiotic by 54 minutes (p = 0.001) and shorter length of stay by 1.8 days (p = 0.002). However, there was no significant difference in survival between the group that used the order set and the group that did not use the order set. Our results showed that there was a significant association between sepsis order set use and total perfect care (p < 0.001), which indicated that the order set use increased the compliance with SEP-1 measure.
Several studies reported the association between the compliance of standard treatment guidelines and mortality. Even with SSC compliance rates of less than 30%, absolute reductions in mortality of 4 -6% has been noted (Ferrer et al., 2008) . National Quality Forum (NQF) stated that an absolute reduction in mortality over 20% was reported with compliance rated of 52% (NQF, 2012) . Coba et al. (2011) reported that the mortality difference between patients with the completion of all SSC bundle elements compared to patients who had incomplete bundle elements was 14%. SSC reported the significant association between compliance with SSC bundles and mortality in a 7.5-year study (Levy et al., 2015) . The increased compliance with sepsis performance bundles associated with a 25% relative risk reduction in mortality rate (Levy et al., 2015) . Every 10% increase in compliance and an additional quarter of participation in the SSC initiative was associated with a decrease in the odds ratio for hospital mortality (Levy et al., 2015) .
However, the benefit of the compliance of the SEP-1 measure is unclear. The association between SEP-1 measure and mortality was evaluated in a multicenter retrospective study (Rhee et al., 2018) . Rhee et al. (2018) reported that the crude mortality rates were higher in sepsis cases who failed to comply with CMS SEP-1 measure when comparing with sepsis cases who passed, but the difference was not significant after adjusting for clinical characteristics and severity of illness. Rhee's study concluded that detailed adjustment was necessary to properly interpret associations between SEP-1 compliance and mortality (Rhee et al., 2018) Our results showed that the compliance of SEP-1, by achieving total perfect care, significantly improved all primary outcomes. The group that achieved total perfect care had significantly shortened the average time to antibiotics by 102.4 minutes (p < 0.001), shortened length of stay by 1.5 days (p = 0.004), and improved survival at discharge (p < 0.001, 95% CI 0.02 -0.206, OR 0.064). Even though our results showed the compliance of SEP-1 strongly associated with primary outcomes, we need more studies to confirm these findings because we did not adjust for clinical characteristics and severity of illnesses.
Our study had some limitations. The first limitation was the data that we used was extracted directly from the EMR, we lacked the details of clinical characteristics and severity of illness of the studied group. We are cautious about our results that we did not take clinical characteristics and severity of illness into account. The second limitation was the nature of a retrospective review at a single institution. The data was extracted directly from the EMR in which we had to rely on the records that might confound by the incompletion of the data. The third limitation of our study was that the number of studied populations might not be enough to detect significant differences between preintervention and postintervention groups. The last limitation was the unknown effect of partial treatments to the outcome of the study. Many patients underwent parts of the bundle elements but did not complete the required items in the bundle per SEP-1 measure requirement in which the benefit of partial treatments could become confounding factors of this study.
SSC study concluded that the performance metric could drive change in clinical behavior, improve quality of care, and may decrease mortality in patients with severe sepsis and septic shock (Levy et al., 2015) . We believed that adherence to the performance metric of the quality measure would improve the outcomes of the treatment. Our study confirmed that adherence to the standard treatment guidelines improved the treatment outcomes. Even though the overall compliance of the SEP-1 measure in this study was 46% (291/632), our study demonstrated the benefits of the sepsis screening tool, the benefits of sepsis order set, and the benefits of compliance of SEP-1 measure. In the future, we will aim to increase the use of sepsis order set, improve the alert system to responsible providers and link the sepsis order set directly at the sepsis screening tool.
Chapter 6 conclusion
We concluded that the sepsis screening tool increased the usage of the sepsis order set and improved awareness of sepsis in the emergency triage. The group that used the sepsis order set had significantly shorter length of stay and shorter time to antibiotic. When the sepsis order set was used, the compliance with the SEP-1 measure increased. The group that met SEP-1 measure compliance significantly received antibiotics earlier, shorter stay as inpatient, and better survival. However, our study did not adjust for clinical characteristics and severity of illness. We need more investigations to confirm the association between compliance of SEP-1 measure and patient-related outcomes.
